Abstract: Nephrolepis exaltata L. Schott "Bostoniensis" family Davalliaceae and Equisetum giganteum L. family Equisetaceae, Phylum Pteridophyta, exhibit a strong mechanism of dominance in the areas in which they live. Have secondary compounds with allelopathic activity. The objective of this article was evaluate allelopathic potential of two ferns species, using bioassay applying aqueous extracts of dried fronds, in cucumber and lettuce seeds, and observing germination and initial development. To observe the influence on germination was analyze the percentage of germinated seeds and germination speed index (GSI). To observe initial development was analyzed shoot and root growth of the seedlings. The bioassays revealed that no concentration significantly inhibited the germination, but germination speed was delayed gradually in two species tested, as increased the extract concentration. In initial development, all the extracts showed a tendency to inhibit the growth, and an increase in extract concentration decreasing growth of radicle and hypocotyl axis. We conclude that the aqueous extract has inhibitory activity more pronounced in early development than in seed germination, affecting the primary structures of the tested plants, corroborating with the observations of occurrences of the species in natural places where dominate and suppress the growth of other species.
Introduction
Plants present a diversity of chemical substances, possibly originating from evolutionary processes in response to the action of microorganisms, insects, viruses, other pathogens and plant-plant interactions [1] . This chemical diversity composed in response to different factors is known as allelopathy [2] and describes the influence of plant on others organisms, inhibiting or promoting development, suggesting that the effect is done by biomolecules (allelochemicals) produced by the secondary metabolism of the plant and released into the environment [3] .
Metabolites released into the environment have an important function in the ecosystem, acting as signaling, defense and growth inhibition substances [4] . The visible effect of allelochemicals in plants is a secondary signaling change at molecular and cellular level [5, 6] . The mode of action may be direct, through which the substance interferes with plant metabolism, or indirectly, where the allelopathic compound can change some properties of the soil [7] .
Pteridophytes exhibit a pattern of dominance in the environment where they grow, forming almost pure associations, in which only a few species coexist. According to Francescato et al. (2013) [8] pteridophytes have substances that interfere in germination and growth of other plant species.
In this paper, we analyze two species of pteridophyte group in order to observe the allelopathic potential of a species found in almost pure associations areas near water (Equisetum giganteum) and other cultivated (Nephrolepis exaltata), known for their medicinal properties and high potential to inhibit the development of other species.
Materials and Methods
Equisetum giganteum (a wild specie) and Nephrolepis exaltata (cultivated specie) green fronds, stems and rhizomes were collected and dried in oven at 40°C for 48h, and were subjected to extraction with water at 25°C in the ratio of 1g of dried leaves into 10ml of water, and subjected to dynamic maceration for two hours. After the material was filtered, the procedure was repeated twice, getting Equisetum giganteum Extract (EEG) and Nephrolepis exaltata Extract (ENE).
For biological assays, was used cucumber and lettuce commercial seeds (Feltrin ® ), with 99% of germination rate. Were prepared stock solutions with EEG and ENE, diluted in concentrations of 25, 50, 75, and 100 %, when 100 % were 1g of the extract for 10 ml of water. The seeds were germinated in Petri dishes Ø 9cm, with 10ml of each stock solution; and a control was performed using deionized water. The seeds were kept in growth chamber with 12:12 h light/dark photoperiod at 25°C. After 5 days in growth chamber, the following parameters were analyzed: germination speed index (GSI), root growth and shoot growth. GSI was calculated by the following equation:
.., Gn = number of seedlings computed in the first, second, third and last count.
N1, N2, N3, ..., Nn = number of days from seeding to first, second, third and last count.
Statistical analysis: The results are presented as means ± standard deviations (SD) percentage relative to control. Statistical comparisons were performed by one-way ANOVA analysis of variance complemented by Tukey's test. Statistical significance was set at P < 0.05. Sigma Plot version 12.0 was used for graphic design and statistics.
Results and Discussion
Bioassays of germination and early development on lettuce and cucumber showed that EEG and ENE showed no inhibitory effect on seed germination of lettuce and cucumber, because reached 100% of the seeds germinated during the evaluation period.
However, it can be observed in figure 1 that, the germination speed of lettuce has inhibitory effect by EEG in concentrations of 75 and 100%, but did not have same effect on cucumber. Already ENE showed inhibitory effect on germination speed of lettuce by concentration of 100%, and in cucumber, all concentrations showed inhibitory effect relative to control.
Ahn and Chung (2000) [9] , showed that aqueous extract of cultivars of Oryza sativa L. inhibited the germination of Echinochloa crusgalli. While Malheiros and Peres (2001) [10] , showed that the aqueous extract of rhizome, green fronds and dried fronds of Gleichenia pectinata cause a germination speed decrease in Clidemia hirta, however, observed a significant increase in germinated seeds number in the final analysis of the experiment.
In figure 1 we can see a decrease in germination speed index (GSI), that may occur due to the allelochemicals compounds activity, that affect the mechanisms of cell division and elongation. It is observed, after the second day, germination reaches a comparable index relative to control, and until the end of the evaluation all seeds germinated. This can occurs through the cell detoxification process, which prevents the effect of inhibitory substances through enzymes of oxidative metabolism [11] . Delachiave et al. (1999) [12] , showed that extract of shoot, root and whole plant of Cynodon dactylon also reported decrease in germination in cucumber. Already Peres et al. (2004) [13] , in studies with 5 species of family Pteridaceae (Adiantopsis radiata, Adiantum serratodentatum, Adiantum tetraphyllum, Petris denticulata and Ptyrogramma calomel), it was concluded that none of the crude extracts showed significant effects on the germination of lettuce seeds, but sometimes it was observed a decrease in germination speed. Inderjit and Keating (1999) [14] , emphasizes in his work that seedling growth is more widely used to assess allelopathy effects in vitro bioassays, that germination itself, perhaps because they are more sensitive to allelochemicals activity.
Analysis of initial growth development, show that chemical compounds activity have a constant inhibition dose related on lettuce, caused both by EEG and ENE. Lettuce is a species known as sensitive to allelochemicals, as cited by Hoagland and Williams (2004) [11] , and demonstrated constant inhibition on development caused by allelopathic substances. In cucumber, results (figure 2) show stimulus in root growth in treatments with lower concentrations of 25 and 50% of EEG and ENE, and inhibitory activity in treatments with higher concentrations (75 and 100%). Mathematical adjustment models [15] , demonstrated that some species at low concentrations of allelochemicals, present stimulation in biological response in germination, development or even the attraction of pollinators. In contrast, in high concentrations are visible the inhibition of biological processes. In shoot development (figure 3), we observe a growth stimulus in lettuce, in treatments with EEG in concentration of 25%, and with ENE at concentrations of 25 and 50%, and growth inhibition in treatment with the other concentrations. In cucumber, we observed a growth stimulus in plants treated with lower concentrations of 25 and 50%, and inhibition with higher doses caused by EEG and ENE. EEG has a higher inhibitory potential compared to ENE, fact associated with the substances that compose and by medicinal use. The presence of compounds with medicinal properties is an indicator of allelopathic activity [16] . This species is widely used in folk medicine throughout South America and in chemical composition is reported the presence of alkaloids, nicotine, as well as flavonoids such as apigenin, quercetin and kaempferol; and derivatives of chlorogenic acid, caffeic acid, tartaric acid, besides the tiaminase enzyme [17] .
The difference of a crop plant and the other be collected in their natural environment, can have an influence in the production of secondary metabolites. Therefore, metabolites released in the medium, present important ecosystem function, acting as signaling substances, defense and inhibition of growth for other organisms [18] .
Ferns have phenolic compounds in chemical composition, as flavonoids [8] . Flavonoids at low concentrations can stimulate root growth; however at high concentrations can inhibit [6] . Flavonoids assume negative charge at neutral pH in the intracellular medium, at low concentrations can promote cell growth by increasing enzymes, proteins and carriers of electrons efficiency; however, in high concentrations, can hyperpolarize membranes, altering the ATP pumps operation, characterizing flavonoids as toxic to the cells [19] . Also Franco et al. (2015) [5] , demonstrated that flavonoids alter the expression of genes related to early development of roots, delaying development.
Rootlet emergence occurs at the expense of seed reserves and are therefore less sensitive to presence of allelochemicals than early growth. What determines an important ecological aspect, since there is inhibition of root system development, there is also a reduction in competitive pressure of plant in environment, which favors the neighboring species, which can develops aspects of dominance [7, 20] .
Both species tested, although they are of the same group (Pteridophyte), showed different behavior relative to the effects on the germination and growth of the species tested. This can be explained by the fact that collection occurs in different and distinct location, one collected in natural environment and the other ornamental origin. This demonstrates that the amount of secondary metabolism substances may be different for each species. We show that the same extract presented different results on the germination and growth of the species tested, which can be explained by the fact that lettuce be more sensitive to chemical compounds than cucumber. Kato-Noguchi et al. (2013) [21] , showed that Gleichenia japonica have compounds may contribute to the allelopathic effects involved in the formation of pure colonies of this fern specie.
With the results obtained, we conclude that the aqueous extract have inhibitory activity more pronounced in early development than in seed germination, affecting the primary structures of the tested plants, corroborating with the observations of occurrences of the species in natural places where dominate and suppress the growth of other species, contributing to formation of pure colonies.
